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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The superfines silica grinding stone characterized by having carried out press forming 
of the superfines silica coating was carried out [ the silica ] by phenol resin, and forming it in 0 - 
80% of void contents. 

[Claim 2] The superfines silica grinding stone according to claim 1 characterized by the 
percentage of phenol resin to a superfines silica being 1 - 99vol%. 

[Claim 3] The superfines silica grinding stone according to claim 1 or 2 characterized by Vickers 
hardness number being 1-40Hv. 

[Claim 4] The superfines silica grinding stone according to claim 1 , 2, or 3 characterized by 
degree of concentration being 50-300. 

[Claim 5] The process which adds a superfines silica into the liquid which dissolved 
thermosetting phenol resin in the volatile solvent, makes the shape of a slurry, is stirred and is 
mixed to homogeneity, The process which flies a volatile component and is dried from this mixed 
liquor object, and a dry matter are ground. The process which forms the powder-like molding 
material with which coating of the superfines silica was carried out by phenol resin, The 
manufacture approach of the superfines silica grinding stone characterized by providing the 
process which carries out press forming of said molding material to a necessary configuration 
with metal mold within the container made into the shape of a vacuum, and the process which 
the acquired Plastic solid is calcinated [ process ] and stiffens phenol resin. 
[Claim 6] The manufacture approach of the superfines silica grinding stone according to claim 5 
characterized by taking out applying pressurization to a Plastic solid in case a Plastic solid is 
picked out from metal mold. 

[Claim 7] the compacting pressure at the time of carrying out press forming of said molding 
material — 10 - 6000 kgf/cm2 it is — the manufacture approach of the superfines silica grinding 
stone according to claim 5 or 6 characterized by things. 

[Claim 8] The manufacture approach of the superfines silica grinding stone according to claim 5, 
6, or 7 characterized by the rate of thermosetting phenol resin to a superfines silica being 1- 
99vol %. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.#### shows the word which can not be translated. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a superfines silica grinding stone and its 

manufacture approach. 

[0002] 

[Background of the Invention] Mirror plane finishing precision with an advanced semi-conductor 
wafer is required. In order to obtain the machined surface granularity of nanometer order, it is an 
effective means to perform grinding using the grinding stone which consists of a detailed 
abrasive grain. Although development of the grinding stone which fixed the detailed abrasive 
grain with resin binders, such as phenol resin, is performed in order to realize this, the trouble 
has not yet realized many manufactures, of the grinding stone using the superfines (ultrafine 
particle powder) whose diameters of an abrasive grain are a number - 10nm of numbers. 
[0003] The following causes are cited as a reason which the grinding stone using the abrasive 
grain of superfines does not realize. 

since it is condensation and conglomerate of the particle which is one of the descriptions 
which ultrafine particle powder has — a binder — enough — moreover, mixing and kneading are 
not made to homogeneity. 

Since specific surface area or bulk specific gravity (g/l) is large, in case the air which entered 
during shaping of a grinding stone takes out after the completion of shaping, expand and it is 
easy to generate a crack. 

#* Even if it is able to fabricate again, since a detailed crack or a detailed defect is inherent, a 
particle will tend to generate a crack from condensation and the part which is carrying out the 
conglomerate at the time of processing. 

Even if the further above-mentioned problem is solvable, since the consistency of an abrasive 
grain is high, a grinding stone carries out loading and processing of long duration cannot be 
performed. 

Although there is also a cutting-edge method from compulsion by a continuation dressing etc. as 
an approach of solving this loading, it is more effective, if a grinding stone can be manufactured 
so that an abrasive grain may carry out the cutting edge from spontaneous generation 
beforehand. 

[0004] Then, the place made into the purpose of this invention is to offer the superfines silica 
grinding stone with a high void content which increases the refuge of a processing product and 
prevents loading, and its effective manufacture approach, being able to prevent generating of a 
crack as much as possible, and making a spontaneous generation operation of an abrasive grain 
discover actively. 
[0005] 

[Means for Solving the Problem] This invention is equipped with the next configuration in order 
to attain the above-mentioned purpose. That is, the superfines silica grinding stone concerning 
this invention is characterized by having carried out press forming of the superfines silica 
coating was carried out [ the silica ] by phenol resin, and forming it in 0 - 80% of void contents. It 
is suitable if the rate of phenol resin to a superfines silica makes it 1 - 99vol %. The Vickers 
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hardness number of a grinding stone is suitable in it being 1-50Hv. Moreover, degree of 
concentration is suitable in it being 50-300. By the manufacture approach of the superfines silica 
grinding stone concerning this invention The process which adds a superfines silica into the 
liquid which dissolved thermosetting phenol resin in the volatile solvent, makes the shape of a 
slurry, is stirred and is mixed to homogeneity, The process which flies a volatile component and 
is dried from this mixed liquor object, and a dry matter are ground. The process which forms the 
powder-like molding material with which coating of the superfines silica was carried out by 
phenol resin, It is characterized by providing the process which carries out press forming of said 
molding material to a necessary configuration with metal mold within the container made into the 
shape of a vacuum, and the process which the acquired Plastic solid is calcinated [ process ] 
and stiffens phenol resin. If it is made to take out, applying pressurization to a Plastic solid in 
case a Plastic solid is picked out from metal mold, a crack does not occur in a Plastic solid but it 
is suitable for it. It is the compacting pressure at the time of carrying out press forming of said 
molding material 50 - 6000 kgf/cm2 It is suitable if it sets up. It is suitable if the rate of 
thermosetting phenol resin to a superfines silica is made into 1 - 99vol %. 
[0006] 

[Function] Mirror grinding can be carried out with high precision by fabricating a superfines silica 
in the superfines silica grinding stone concerning this invention to 0 - 80% of void contents by 
using thermosetting phenol resin as a binder, without carrying out loading of the abrasives-ed, 
such as a silicon wafer. If the mixed rate to the superfines silica of phenol resin is made into 5 - 
1 5vol %, it will become convenient in that the silica abrasive grain to which it reacted after 
mechanochemical polishing is omitted. Moreover, if Vickers hardness is set to 1-1 OHv, when 
grinding [ / soft ] can be performed and the work material has curved, it is convenient at 

the point that grinding learned from the configuration can be performed. Degree of concentration 
is convenient by carrying out to 50 to about 1 50 at the point which can form a chip pocket and 
prevents blinding. Moreover, it can fabricate by this invention approach to the grinding stone of a 
necessary configuration by carrying out press forming of the molding material with metal mold in 
a vacuum housing, without generating a crack and a crack. In case a Plastic solid is especially 
picked out from metal mold, generating of a crack can be lessened as much as possible by 
making it take out, applying pressurization to a Plastic solid. 
[0007] 

[Example] Hereafter, the suitable example of this invention is explained to a detail based on an 
accompanying drawing. The superfines (ultrafine particle powder) silica used by this example is 
the thing of the anhydrous silica (Aerosil: product made from Japanese Aerosil, Inc.) with the 
smallest particle diameter in the silica (Si02) which is generated by a gaseous-phase method, 
especially flame hydrolysis, and is manufactured based on current British Standard of a high 
grade. Table 1 shows the class and specification of the used abrasive grain. It turns out that it is 
a very detailed particle with a particle size [ of the particle size of 40nm (No.OX50), 16nm 
(No.130), and 7nm (No.380) ] of 40nm or less. These particles form the network structure which 
the almost globular form primary particle had lightly, and do not exist in the state of an 
independent particle in fact. However, in the case of 40nm particle size, it is an exception, and it 
can be seen clearly. [ of the independent globular form primary particle ] 
[0008] On the other hand, the binder selected thermosetting phenol resin by the following 
reasons. 

In the middle of processing, melt into water (grinding fluid) and the configuration of a grinding 
stone does not collapse. 

Heat can be applied and hardened after mixing and fabricating an abrasive grain and a binder. 
Table 2 shows the specification of the PR-50696 thermosetting phenol resin (product made from 
Sumitomo DEYURESU, Inc.) which is the used binder. A volatile component is the thing of the 
liquid condition gelled after 63-second progress by 51.7vol(s) % and 165 **. 

[0009] In the cause whose manufacture of a superfines silica grinding stone was not completed, 
uneven mixing with the binder by condensation, conglomerate, etc. of a particle must be solved. 
Then, it noted mixing in the state of the liquid which gave dispersibility to the condensed particle 
as much as possible. That is, as shown in drawin g 1 , after melting thermosetting phenol resin 
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[18g each (13.8vol %), 40g (26.2vol %), 80g (41.5vol %), and 124g (52.4vol%), 207g (64.7vol%)] by a 
lot of volatile solvents (for example, ethyl alcohol) (1200 g) f 100g of superfines silica powder was 
added, and it was made the shape of a slurry. It mixed so that it might stir for about 10 minutes 
with a screw after that and a binder and a silica particle might become homogeneity. It took care 
enough that a foreign matter etc. did not mix at that time. 

[0010] Then, in order to fly and lose a volatile component from the mixed liquor object condition 
of a superfines silica, phenol resin, and ethyl alcohol, 50 degrees C was dried with the vacuum 
dryer for about 2 hours. Completely unlike the silica powder before mixing carried out lightly, the 
dried mixed powder has become hard lightly in the condition of having carried out rustlingly. This 
was ground in the mortar and it was made the shape of powder. Phenol resin is in the condition 
that coating was mostly carried out to homogeneity around the silica particle. Thus, the molding 
material has been adjusted. 

[0011] Drawing 2 shows the outline of shaping equipment 10. 12 is a body container, and if it is 
formed with transparent acrylic resin etc. so that an internal state may be in sight from the 
outside, it is suitable. A body container 12 inferior-surface-ofHiongue side is sealed by the 
bottom plate 14 free [ removal ]. 16 is an O ring. Moreover, 18 is pressed with the rod 20 of 
press equipment, and is a movable movable head about the inside of the body container 1 2. A 
movable head 18 may be fixed to rod 20 lower limit 19 is an O ring. 21 is metal mold which 
consists of cemented carbide, and has a dice 22, bottom punch 28, and upper punch 30. The 
through tube 24 penetrated in the vertical direction is formed in a dice 22, on the spring 26 
arranged on a bottom plate 14, balance is maintained and installation has become possible. 
Bottom punch 28 is arranged on a bottom plate 14, and the upper part is carrying out ON to 
the through tube 24 from the lower part. The lower part inserts upper punch 30 in a through tube 
24 from the upper part. Upper punch 30 may be fixed to movable head 18 inferior surface of 
tongue. A cavity 32 is formed between a bottom punch 28 upper-limit side and an upper punch 
30 lower-limit side. 

[0012] The suction hole 34 which opens the body container 12 and the exterior for free passage 
is formed in the bottom plate 14, the vacuum pump which is not illustrated through a hose is 
connected to this suction hole 34, and the inside of the body container 12 is made to a vacua by 
eliminating the air in the body container 12. Upper punch 30 is formed in the dimension longer 
than the height of a dice 22 in order to project mold goods from a dice 22. Drawing 3 shows 
pressurization equipment 36. the pressurization arranged between two or more press rods 38 
which contact the dice 22 top-face side of the metal mold 21 laid on the proper base as this 
pressurization equipment 36 was picked out from the body container 1 2 after shaping and upper 
punch 30 came to the bottom, the press plate 40 which connects a press rod 38 upper-limit 
side, and press plate 40 inferior surface of tongue and bottom punch 28 — it has a spring 42. 44 
is a shock absorber. 

[0013] A grinding stone can be fabricated as follows using the above-mentioned shaping 
equipment 10. In shaping equipment 10, a movable head 18 and upper punch 30 are first removed 
from shaping equipment. It is specified quantity ON **** in the cavity 32 wide opened in the 
molding material which the binder and the superfines silica were mixed as mentioned above, and 
was adjusted in the shape of powder. Next, after inserting upper punch 30 in a through tube 24, a 
movable head 18 is moved to the location near the top face of upper punch 30 as much as 
possible, and the body container 1 2 is sealed. It lengthens with a vacuum pump after that, and 
the inside of the body container 12 is made into a vacua, and subsequently a molding material is 
pressurized through a movable head 18 and upper punch 30 with press equipment, and it 
fabricates. The air in a molding material is fabricated without involving in air into a molding 
material, since it is drawn in by the vacuum pump. 

[0014] Metal mold 21 is taken out from the inside of the body container 12 after the completion 
of shaping. The taken-out metal mold 21 is laid on a proper base so that upper punch 30 may 
come downward, and as shown in drawing 3 , it sets pressurization equipment 36. A load is added 
to the press plate 40 with a proper pressurizer, and the press plate 40 is pushed. Thereby, 
through the press rod 38, a dice 22 is pushed caudad and Plastic solid 46 is projected by upper 
punch 30. that time — Plastic solid 46 — pressurization — a pressure is added with a spring 42. 
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That is, Plastic solid 46 is picked out from a dice 22, applying pressurization. Thus, good mold 
goods without a chip were obtained by taking out applying pressurization. In addition, since the 
side which escapes from and comes out of a through tube 24 was pressure free suddenly when 
Plastic solid 46 was projected by upper punch 30 without applying pressurization, and Plastic 
solid 46 escaped from and came out of a through tube 24, it was divided into Plastic solid 46 and 
the chip etc. arose, acquired Plastic solid 46 — a vacuum dryer — using — 180 — it 
calcinated for about 1 hour, phenol resin was stiffened, and the grinding stone was obtained. 
[0015] The difference in the consistency of each Plastic solid at the time of carrying out 
pressing by 500 Kgf/cm2 is shown in drawing 4 , lengthening to a vacuum with the above- 
mentioned shaping equipment 10. The true specific gravity of mixed powder has a different value 
from the true specific gravity of only the silica powder of a basis, as the rate of overly adding 
phenol resin to detailed silica powder shows to Table 3. A void content is calculated by the 
degree type. 

(1) The void content of only silica powder = (consistency of the true-specific-gravity-Plastic 
solid of silica powder) true specific gravity of /silica powder (2) The void content of mixed silica 
powder = (consistency of the true-specific-gravity-Plastic solid of mixed silica powder) the void 
content of the mixed silica powder calculated based on the formula of the true-specific-gravity 
above of /mixing silica powder was shown in drawing 5 . 

[0016] The following things are checked or guessed from drawing 4 and drawing 5 . 

Although there is variation a little compared with the powder before mixing, on the whole, as 
for mixed silica powder, a consistency and a void content show a low inclination. For this, the 
true specific gravity of the phenol resin used as a binder is 1 g/cm3. With extent, it is thought 
that it is because it is comparatively low. 

the case where the true specific gravity of mixed silica powder becomes low, and the volume 
rate of phenol resin is 41.5vol(s) %, so that true specific gravity was 2.2 g/cm3 in the case of the 
silica powder before mixing, but the volume rate of phenol resin increases about calculation of a 
void content — 1 .79 g/cm3 up to — it falls. 

## however, the silica powder before mixing — relative bulk density — about 60 g/l — since 
it is in the condition to say of having made it extraordinary lightly, when the volume rate of 
phenol resin increases, it is thought that the relative bulk density of mixed silica powder 
becomes high. Moreover, degree of coupling also becomes high and the consistency of a Plastic 
solid is predicted to become high. 

Since specific surface area became small so that particle size becomes large, the consistency 
became high, but when it was 7nm with a smaller particle size, and 1 6nm, there was no great 
difference in each **. However, when it is 40nm with a comparatively large particle size, a 
consistency is 1 g/cm3. It became high to extent. 

The void content of mixed silica powder has an inclination opposite to the consistency 
property of a Plastic solid. That is, although a void content becomes low so that the volume rate 
of phenol resin increases, and particle size becomes large, on the whole, 50vol(s) % order is 
maintained. 

[0017] next, drawing 6 — the particle size of 40nm — overly detailed — silica powder No.OX50 
The void content property over the compacting pressure at the time of coating phenol resin with 
each rate is shown. As compared with what does not coat a binder, the hole has decreased 
according to the increment in compacting pressure, and the increment in the amount of binders. 
Distribution of a void content is crossed to the very large range 10-70vol %. The degree of 
concentration and the grain ratio of an abrasive grain are converted and shown in drawin g 7 from 
a void content. Although it is possible for what has more binders than the void content and 
degree-of-concentration property of a grinding stone to lessen a hole according to compacting 
pressure, the increment rates of among the recentralization whenever are few things. In amount 
of binders 13.8vol %, compacting pressure is 1000 kgf/cm3. In the field to cross, the degree of 
concentration of an abrasive grain has exceeded slightly from what does not coat a binder. 
[0018] The result of having measured the hardness of a grinding stone by 200g of loads with the 
micro Vickers hardness meter to drawing 8 is shown. According to compacting pressure, the 
hardness of a grinding stone, i.e., degree of coupling, was freely controllable between Hv(s) 5-28. 
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Hardness is decreasing conversely in the range in which the amount of binders exceeds 
[ compacting pressure ] 30vol(s) % by the case of 500 kgf/cm2 of being low. As shown in these, 
a Plastic solid (grinding stone) has the description that the grinding stone of desired degree of 
concentration, a void content, and degree of coupling can be manufactured, by adjusting the 
amount of binders, and compacting pressure, incidentally — silica particle (OX50) with a particle 
size of 40nm a case — a binder — coating — #### — if — the inside of a vacuum — it is not - 
- even if — usual — the grinding stone has been fabricated by the press-forming method. 
[0019] Next, the superfines silica grinding stone was manufactured and the process condition 
and the grinding property of a grinding stone were investigated. An abrasive grain is 
comparatively coarse No.OX50 called the mean particle diameter of 40nm. After adding phenol 
resin and mixing, in order to create the thing of grinding stone outer-diameter 150 mm and a cup 
mold with a width of face of 10mm and to raise the configuration precision of a grinding stone 
before processing using what was fabricated and calcinated, truing was performed by the 
diamond wheel of grain-size #1 200. The method near the constant-pressure cut grinding which 
does not have a limit in particle size mostly as infield grinding probably performed application to 
the mirror grinding of a superfines silica grinding stone. After attaching ^-ed material in the 
surface plate of a single side lapping machine (a RAPOTE star MG773B mold, Maruto Make) and 
attaching a grinding stone in a work-piece shaft so that the mirror plane condition of the silicon 
wafer which is a workpiece can be checked also in processing, both made it rotate. Under the 
present circumstances, a grinding stone carries out oscillation movement to right and left, always 
putting a fixed pressure on ##-ed material. By the diamond wheel of grain-size #1200, ##-ed 
material was on board in the diameter student silicon wafer of 3-6 inches, and performed mirror 
plane processing after Taira figuring. 

[0020] As a mirror grinding property of a silicon wafer, about field coarseness, it is a non- 
contact type surface roughness meter (WYKO:TOPO-2D, product made from WYKO), and is the 
evaluation die length 324. It measured by mum and wavelength 647.7 nm, and a three-point 
indicating micrometer estimated the grinding ratio. In the mirror grinding by the superfines 
grinding stone, there are few chip pockets and it is easy to produce loading. Then, in order to 
make it such blinding not happen, the number of chip pockets was made to increase and the 
thing of a porosity condition was applied as much as possible. The machined surface granularity 
and the grinding ratio which were obtained by the grinding stone shown in drawing 9 in the range 
of 45 which is a comparatively high void content - 55vol % are shown. Although machined surface 
granularity improved so that the void content became high, above void content 50vol %, there is 
no big change and about Ralnm was maintained. Moreover, although the grinding ratio 
approached 1 up to void content 50vol % order, when it was made high more than it, it decreased 
gradually. This is making a void content to some extent highland is considered to be the 
condition that removal of the resultant by processing became easy, when it is the almost same 
degree of coupling, removal efficiency also has the high one where the degree of concentration 
of an abrasive grain is higher, and it is thought that the effectiveness of also making surface 
roughness improving arises. 

[0021] Drawing 10 shows the effect the degree of coupling of the superfines silica grinding stone 
of this example affects a mirror grinding property. In the volume rate 7 of a binder - 19vol % 
range which are expected to have a comparatively high void content and abrasive grain degree of 
concentration, surface roughness and a grinding ratio became high, so that degree of coupling 
became low. Although the silica grinding stone of degree of coupling higher than this range was 
applied, loading arose firmly and processing of long duration was difficult. Therefore, it can be 
said that the superfines silica grinding stone of this example becomes what has the one of a high 
void content, quantity degree of concentration, and low degree of coupling more suitable [ the 
mirror grinding property of a silicon wafer ]. 
[0022] 
[Table 1] 
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[0025] 

[Effect of the Invention] In the superfines silica grinding stone concerning this invention, mirror 
grinding can be carried out with high precision by fabricating a superfines silica to 50 - 80% 
especially 0 - 80% of void contents by using thermosetting phenol resin as a binder, without 
carrying out loading of the abrasives-ed, such as a silicon wafer. About the mixed rate to the 
superfines silica of phenol resin, if it is especially made 5 - 15vol %, it will become convenient at 
1-99vol % and the point which can prevent blinding by omission of a reaction silica abrasive grain. 
Moreover, if Vickers hardness is especially set to 1-1 OHv one to 40 Hv, it is convenient at the 
point that grinding [ ****** / soft ] can be performed and grinding learned from the 
configuration of a work material can be performed. Degree of concentration is convenient at the 
point which can form a chip pocket and prevents blinding 50-300, and by carrying out to 50 to 
about 1 50 especially. Moreover, it can fabricate by this invention approach to the grinding stone 
of a necessary configuration by carrying out press forming of the molding material with metal 
mold in a vacuum housing, without generating a crack and a crack. In case a Plastic solid is 
especially picked out from metal mold, generating of a crack can be lessened as much as 
possible by making it take out, applying pressurization to a Plastic solid. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 

[Industrial Application] This invention relates to a superfines silica grinding stone and its 
manufacture approach. 
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* NOTICES * 
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PRIOR ART 

[Background of the Invention] Mirror plane finishing precision with an advanced semi-conductor 
wafer is required. In order to obtain the machined surface granularity of nanometer order, it is an 
effective means to perform grinding using the grinding stone which consists of a detailed 
abrasive grain. Although development of the grinding stone which fixed the detailed abrasive 
grain with resin binders, such as phenol resin, is performed in order to realize this, the trouble 
has not yet realized many manufactures of the grinding stone using the superfines (ultrafine 
particle powder) whose diameters of an abrasive grain are a number - 10nm of numbers. 
[0003] The following causes are cited as a reason which the grinding stone using the abrasive 
grain of superfines does not realize. 

** since it is condensation and conglomerate of the particle which is one of the descriptions 
which ultrafine particle powder has — a binder — enough — moreover, mixing and kneading are 
not made to homogeneity. 

** Since specific surface area or bulk specific gravity (g/l) is large, in case the air which entered 
during shaping of a grinding stone takes out after the completion of shaping, expand and it is 
easy to generate a crack. 

** Even if it is able to fabricate again, since a detailed crack or a detailed defect is inherent, a 
particle will tend to generate a crack from condensation and the part which is carrying out the 
conglomerate at the time of processing. 

** Even if the further above-mentioned problem is solvable, since the consistency of an abrasive 
grain is high, a grinding stone carries out loading and processing of long duration cannot be 
performed. 

Although there is also a cutting-edge method from compulsion by a continuation dressing etc. as 
an approach of solving this loading, it is more effective, if a grinding stone can be manufactured 
so that an abrasive grain may carry out the cutting edge from spontaneous generation 
beforehand. 

[0004] Then, the place made into the purpose of this invention is to offer the superfines silica 
grinding stone with a high void content which increases the refuge of a processing product and 
prevents loading, and its effective manufacture approach, being able to prevent generating of a 
crack as much as possible, and making a spontaneous generation operation of an abrasive grain 
discover actively. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] In the superfines silica grinding stone concerning this invention, mirror 
grinding can be carried out with high precision by fabricating a superfines silica to 50 - 80% 
especially 0 - 80% of void contents by using thermosetting phenol resin as a binder, without 
carrying out loading of the abrasives-ed, such as a silicon wafer. About the mixed rate to the 
superfines silica of phenol resin, if it is especially made 5 - 15vol %, it will become convenient at 
1-99vol % and the point which can prevent blinding by omission of a reaction silica abrasive grain. 
Moreover, if Vickers hardness is especially set to 1-1 OHv one to 40 Hv, it is convenient at the 
point that grinding [ ****** / soft ] can be performed and grinding learned from the 
configuration of a work material can be performed. Degree of concentration is convenient at the 
point which can form a chip pocket and prevents blinding 50-300, and by carrying out to 50 to 
about 150 especially. Moreover, it can fabricate by this invention approach to the grinding stone 
of a necessary configuration by carrying out press forming of the molding material with metal 
mold in a vacuum housing, without generating a crack and a crack. In case a Plastic solid is 
especially picked out from metal mold, generating of a crack can be lessened as much as 
possible by making it take out, applying pressurization to a Plastic solid. 
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MEANS 

[Means for Solving the Problem] This invention is equipped with the next configuration in order 
to attain the above-mentioned purpose. That is, the superfines silica grinding stone concerning 
this invention is characterized by having carried out press forming of the superfines silica 
coating was carried out [ the silica ] by phenol resin, and forming it in 0 - 80% of void contents. It 
is suitable if the rate of phenol resin to a superfines silica makes it 1 - 99vol %. The Vickers 
hardness number of a grinding stone is suitable in it being 1-50Hv. Moreover, degree of 
concentration is suitable in it being 50-300. By the manufacture approach of the superfines silica 
grinding stone concerning this invention The process which adds a superfines silica into the 
liquid which dissolved thermosetting phenol resin in the volatile solvent, makes the shape of a 
slurry, is stirred and is mixed to homogeneity, The process which flies a volatile component and 
is dried from this mixed liquor object, and a dry matter are ground. The process which forms the 
powder-like molding material with which coating of the superfines silica was carried out by 
phenol resin, It is characterized by providing the process which carries out press forming of said 
molding material to a necessary configuration with metal mold within the container made into the 
shape of a vacuum, and the process which the acquired Plastic solid is calcinated [ process ] 
and stiffens phenol resin. If it is made to take out, applying pressurization to a Plastic solid in 
case a Plastic solid is picked out from metal mold, a crack does not occur in a Plastic solid but it 
is suitable for it. It is the compacting pressure at the time of carrying out press forming of said 
molding material 50 - 6000 kgf/cm2 It is suitable if it sets up. It is suitable if the rate of 
thermosetting phenol resin to a superfines silica is made into 1 - 99vol %. 
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OPERATION 



[Function] Mirror grinding can be carried out with high precision by fabricating a superfines silica 
in the superfines silica grinding stone concerning this invention to 0 - 80% of void contents by 
using thermosetting phenol resin as a binder, without carrying out loading of the abrasives-ed, 
such as a silicon wafer. If the mixed rate to the superfines silica of phenol resin is made into 5 - 
15vol %, it will become convenient in that the silica abrasive grain to which it reacted after 
mechanochemical polishing is omitted. Moreover, if Vickers hardness is set to 1-1 OHv, when 
grinding [ ****** / soft ] can be performed and the work material has curved, it is convenient at 
the point that grinding learned from the configuration can be performed. Degree of concentration 
is convenient by carrying out to 50 to about 1 50 at the point which can form a chip pocket and 
prevents blinding. Moreover, it can fabricate by this invention approach to the grinding stone of a 
necessary configuration by carrying out press forming of the molding material with metal mold in 
a vacuum housing, without generating a crack and a crack. In case a Plastic solid is especially 
picked out from metal mold, generating of a crack can be lessened as much as possible by 
making it take out, applying pressurization to a Plastic solid. 
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EXAMPLE 



[Example] Hereafter, the suitable example of this invention is explained to a detail based on an 
accompanying drawing. The superfines (ultrafine particle powder) silica used by this example is 
the thing of the anhydrous silica (Aerosil: product made from Japanese Aerosil, Inc.) with the 
smallest particle diameter in the silica (Si02) which is generated by a gaseous-phase method, 
especially flame hydrolysis, and is manufactured based on current British Standard of a high 
grade. Table 1 shows the class and specification of the used abrasive grain. It turns out that it is 
a very detailed particle with a particle size [ of the particle size of 40nm (No.OXSO), 16nm 
(No.130), and 7nm (No.380) ] of 40nm or less. These particles form the network structure which 
the almost globular form primary particle had lightly, and do not exist in the state of an 
independent particle in fact. However, in the case of 40nm particle size, it is an exception, and it 
can be seen clearly. [ of the independent globular form primary particle ] 
[0008] On the other hand, the binder selected thermosetting phenol resin by the following 
reasons. 

In the middle of processing, melt into water (grinding fluid) and the configuration of a grinding 
stone does not collapse. 

Heat can be applied and hardened after mixing and fabricating an abrasive grain and a binder. 
Table 2 shows the specification of the PR-50696 thermosetting phenol resin (product made from 
Sumitomo DEYURESU, Inc.) which is the used binder. A volatile component is the thing of the 
liquid condition gelled after 63-second progress by 51.7vol(s) % and 165 

[0009] In the cause whose manufacture of a superfines silica grinding stone was not completed, 
uneven mixing with the binder by condensation, conglomerate, etc. of a particle must be solved. 
Then, it noted mixing in the state of the liquid which gave dispersibility to the condensed particle 
as much as possible. That is, as shown in drawing 1 , after melting thermosetting phenol resin 
[18g each (13.8vol %), 40g (26.2vol %), 80g (41.5vol %), and 124g (52.4vol%), 207g (64.7vol%)] by a 
lot of volatile solvents (for example, ethyl alcohol) (1200 g), 100g of superfines silica powder was 
added, and it was made the shape of a slurry. It mixed so that it might stir for about 10 minutes 
with a screw after that and a binder and a silica particle might become homogeneity. It took care 
enough that a foreign matter etc. did not mix at that time. 

[0010] Then, in order to fly and lose a volatile component from the mixed liquor object condition 
of a superfines silica, phenol resin, and ethyl alcohol, 50 degrees C was dried with the vacuum 
dryer for about 2 hours. Completely unlike the silica powder before mixing carried out lightly, the 
dried mixed powder has become hard lightly in the condition of having carried out rustlingly. This 
was ground in the mortar and it was made the shape of powder. Phenol resin is in the condition 
that coating was mostly carried out to homogeneity around the silica particle. Thus, the molding 
material has been adjusted. 

[0011] Drawing 2 shows the outline of shaping equipment 10. 12 is a body container, and if it is 
formed with transparent acrylic resin etc. so that an internal state may be in sight from the 
outside, it is suitable. A body container 1 2 inferior-surface-of-tongue side is sealed by the 
bottom plate 14 free [ removal ]. 16 is an O ring. Moreover, 18 is pressed with the rod 20 of 
press equipment, and is a movable movable head about the inside of the body container 1 2. A 
movable head 18 may be fixed to rod 20 lower limit. 19 is an O ring. 21 is metal mold which 
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consists of cemented carbide, and has a dice 22, bottom punch 28, and upper punch 30. The 
through tube 24 penetrated in the vertical direction is formed in a dice 22, on the spring 26 
arranged on a bottom plate 14, balance is maintained and installation has become possible. 
Bottom punch 28 is arranged on a bottom plate 1 4, and the upper part is carrying out ON to 
the through tube 24 from the lower part. The lower part inserts upper punch 30 in a through tube 
24 from the upper part. Upper punch 30 may be fixed to movable head 18 inferior surface of 
tongue. A cavity 32 is formed between a bottom punch 28 upper-limit side and an upper punch 
30 lower-limit side. 

[0012] The suction hole 34 which opens the body container 12 and the exterior for free passage 
is formed in the bottom plate 14, the vacuum pump which is not illustrated through a hose is 
connected to this suction hole 34, and the inside of the body container 12 is made to a vacua by 
eliminating the air in the body container 1 2. Upper punch 30 is formed in the dimension longer 
than the height of a dice 22 in order to project mold goods from a dice 22. Drawing 3 shows 
pressurization equipment 36. the pressurization arranged between two or more press rods 38 
which contact the dice 22 top-face side of the metal mold 21 laid on the proper base as this 
pressurization equipment 36 was picked out from the body container 12 after shaping and upper 
punch 30 came to the bottom, the press plate 40 which connects a press rod 38 upper-limit 
side, and press plate 40 inferior surface of tongue and bottom punch 28 — it has a spring 42. 44 
is a shock absorber. 

[0013] A grinding stone can be fabricated as follows using the above-mentioned shaping 
equipment 10. In shaping equipment 10, a movable head 18 and upper punch 30 are first removed 
from shaping equipment. It is specified quantity ON #### in the cavity 32 wide opened in the 
molding material which the binder and the superfines silica were mixed as mentioned above, and 
was adjusted in the shape of powder. Next, after inserting upper punch 30 in a through tube 24, a 
movable head 1 8 is moved to the location near the top face of upper punch 30 as much as 
possible, and the body container 12 is sealed. It lengthens with a vacuum pump after that, and 
the inside of the body container 12 is made into a vacua, and subsequently a molding material is 
pressurized through a movable head 1 8 and upper punch 30 with press equipment, and it 
fabricates. The air in a molding material is fabricated without involving in air into a molding 
material, since it is drawn in by the vacuum pump. 

[0014] Metal mold 21 is taken out from the inside of the body container 12 after the completion 
of shaping. The taken-out metal mold 21 is laid on a proper base so that upper punch 30 may 
come downward, and as shown in drawing 3 , it sets pressurization equipment 36. A load is added 
to the press plate 40 with a proper pressurizer, and the press plate 40 is pushed. Thereby, 
through the press rod 38, a dice 22 is pushed caudad and Plastic solid 46 is projected by upper 
punch 30. that time — Plastic solid 46 — pressurization — a pressure is added with a spring 42. 
That is, Plastic solid 46 is picked out from a dice 22, applying pressurization. Thus, good mold 
goods without a chip were obtained by taking out applying pressurization. In addition, since the 
side which escapes from and comes out of a through tube 24 was pressure free suddenly when 
Plastic solid 46 was projected by upper punch 30 without applying pressurization, and Plastic 
solid 46 escaped from and came out of a through tube 24, it was divided into Plastic solid 46 and 
the chip etc. arose, acquired Plastic solid 46 — a vacuum dryer — using — 180 — it 
calcinated for about 1 hour, phenol resin was stiffened, and the grinding stone was obtained. 
[0015] The difference in the consistency of each Plastic solid at the time of carrying out 
pressing by 500 Kgf/cm2 is shown in drawing 4 , lengthening to a vacuum with the above- 
mentioned shaping equipment 10. The true specific gravity of mixed powder has a different value 
from the true specific gravity of only the silica powder of a basis, as the rate of overly adding 
phenol resin to detailed silica powder shows to Table 3. A void content is calculated by the 
degree type. 

(1) The void content of only silica powder = (consistency of the true-specific-gravity-Plastic 
solid of silica powder) true specific gravity of /silica powder (2) The void content of mixed silica 
powder = (consistency of the true-specific-gravity-Plastic solid of mixed silica powder) the void 
content of the mixed silica powder calculated based on the formula of the true-specific-gravity 
above of /mixing silica powder was shown in drawin g 5 . 
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[0016] The following things are checked or guessed from drawing 4 and drawing 5 . 

Although there is variation a little compared with the powder before mixing, on the whole, as 
for mixed silica powder, a consistency and a void content show a low inclination. For this, the 
true specific gravity of the phenol resin used as a binder is 1 g/cm3. With extent, it is thought 
that it is because it is comparatively low. 

the case where the true specific gravity of mixed silica powder becomes low, and the volume 
rate of phenol resin is 41.5vol(s) %, so that true specific gravity was 2.2 g/cm3 in the case of the 
silica powder before mixing, but the volume rate of phenol resin increases about calculation of a 
void content — 1 .79 g/cm3 up to — it falls. 

however, the silica powder before mixing — relative bulk density — about 60 g/l ** — since 
it is in the condition to say of having made it extraordinary lightly, when the volume rate of 
phenol resin increases, it is thought that the relative bulk density of mixed silica powder 
becomes high. Moreover, degree of coupling also becomes high and the consistency of a Plastic 
solid is predicted to become high. 

Since specific surface area became small so that particle size becomes large, the consistency 
became high, but when it was 7nm with a smaller particle size, and 1 6nm, there was no great 
difference in each *#. However, when it is 40nm with a comparatively large particle size, a 
consistency is 1 g/cm3. It became high to extent. 

The void content of mixed silica powder has an inclination opposite to the consistency 
property of a Plastic solid. That is, although a void content becomes low so that the volume rate 
of phenol resin increases, and particle size becomes large, on the whole, 50vol(s) % order is 
maintained. 

[0017] next, drawing 6 — the particle size of 40nm — overly detailed — silica powder No.OX50 
The void content property over the compacting pressure at the time of coating phenol resin with 
each rate is shown. As compared with what does not coat a binder, the hole has decreased 
according to the increment in compacting pressure, and the increment in the amount of binders. 
Distribution of a void content is crossed to the very large range 10-70vol %. The degree of 
concentration and the grain ratio of an abrasive grain are converted and shown in drawing 7 from 
a void content. Although it is possible for what has more binders than the void content and 
degree-of-concentration property of a grinding stone to lessen a hole according to compacting 
pressure, the increment rates of among the recentralization whenever are few things. In amount 
of binders 13.8vol %, compacting pressure is 1000 kgf/cm3. In the field to cross, the degree of 
concentration of an abrasive grain has exceeded slightly from what does not coat a binder. 
[0018] The result of having measured the hardness of a grinding stone by 200g of loads with the 
micro Vickers hardness meter to drawing 8 is shown. According to compacting pressure, the 
hardness of a grinding«stone, i.e., degree of coupling, was freely controllable between Hv(s) 5-28. 
Hardness is decreasing conversely in the range in which the amount of binders exceeds 
[ compacting pressure ] 30vol(s) % by the case of 500 kgf/cm2 of being low. As shown in these, 
a Plastic solid (grinding stone) has the description that the grinding stone of desired degree of 
concentration, a void content, and degree of coupling can be manufactured, by adjusting the 
amount of binders, and compacting pressure, incidentally — silica particle (OX50) with a particle 
size of 40nm a case — a binder — coating — **** — if — the inside of a vacuum — it is not - 
- even if — usual — the grinding stone has been fabricated by the press-forming method. 
[0019] Next, the superfines silica grinding stone was manufactured and the process condition 
and the grinding property of a grinding stone were investigated. An abrasive grain is 
comparatively coarse No.OX50 called the mean particle diameter of 40nm. After adding phenol 
resin and mixing, in order to create the thing of grinding stone outer^diameter 150 mm and a cup 
mold with a width of face of 10mm and to raise the configuration precision of a grinding stone 
before processing using what was fabricated and calcinated, truing was performed by the 
diamond wheel of grain-size #1 200. The method near the constant-pressure cut grinding which 
does not have a limit in particle size mostly as infield grinding probably performed application to 
the mirror grinding of a superfines silica grinding stone. After attaching ##-ed material in the 
surface plate of a single side lapping machine (a RAPOTE star MG773B mold, Maruto Make) and 
attaching a grinding stone in a work-piece shaft so that the mirror plane condition of the silicon 
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wafer which is a workpiece can be checked also in processing, both made it rotate. Under the 
present circumstances, a grinding stone carries out oscillation movement to right and left, always 
putting a fixed pressure on **-ed material. By the diamond wheel of grain-size #1 200, **-ed 
material was on board in the diameter student silicon wafer of 3-6 inches, and performed mirror 
plane processing after Taira figuring. 

[0020] As a mirror grinding property of a silicon wafer, about field coarseness, it is a non- 
contact type surface roughness meter (WYKO:TOPO-2D, product made from WYKO), and is the 
evaluation die length 324. It measured by mum and wavelength 647.7 nm, and a three-point 
indicating micrometer estimated the grinding ratio. In the mirror grinding by the superfines 
grinding stone, there are few chip pockets and it is easy to produce loading. Then, in order to 
make it such blinding not happen, the number of chip pockets was made to increase and the 
thing of a porosity condition was applied as much as possible. The machined surface granularity 
and the grinding ratio which were obtained by the grinding stone shown in drawing 9 in the range 
of 45 which is a comparatively high void content - 55vol % are shown. Although machined surface 
granularity improved so that the void content became high, above void content 50vol %, there is 
no big change and about Ralnm was maintained. Moreover, although the grinding ratio 
approached 1 up to void content 50vol % order, when it was made high more than it, it decreased 
gradually. This is making a void content to some extent high, and is considered to be the 
condition that removal of the resultant by processing became easy, when it is the almost same 
degree of coupling, removal efficiency also has the high one where the degree of concentration 
of an abrasive grain is higher, and it is thought that the effectiveness of also making surface 
roughness improving arises. 

[0021] Drawing 10 shows the effect the degree of coupling of the superfines silica grinding stone 
of this example affects a mirror grinding property. In the volume rate 7 of a binder - 1 9vol % 
range which are expected to have a comparatively high void content and abrasive grain degree of 
concentration, surface roughness and a grinding ratio became high, so that degree of coupling 
became low. Although the silica grinding stone of degree of coupling higher than this range was 
applied, loading arose firmly and processing of long duration was difficult. Therefore, it can be 
said that the superfines silica grinding stone of this example becomes what has the one of a high 
void content, quantity degree of concentration, and low degree of coupling more suitable [ the 
mirror grinding property of a silicon wafer ]. 



[0022] 
[Table 1] 


NO. 


Ox 5 0 


1 3 0 


3 8 0 


1 I 8 <■»/«> 
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1 6 
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2. 2 
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[Table 2] 




ttfl (r/1) 


1. 0 2 6 
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0. 2 
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[0024] 
[Table 3] 
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/ „ \ 


MA- M9 

KV 


Kg/cn*) 


n 






9 9ft 


13.8 


50 


9 


2.06 


26.2 


50 


20 


1.94 


41.5 


50 


40 


1.79 



[Translation done.] 
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1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is manufacture process drawing of a grinding stone. 

[Drawing 2] It is the sectional view showing the outline of shaping equipment. 

[Drawing 3] It is the explanatory view showing the outline of pressurization equipment. 

[Drawing 4] It is the graph which shows the consistency of the Plastic solid at the time of 

carrying out pressing by 500 kgf/cm2. 

[Drawing 5] It is the graph which shows the void content of the Plastic solid at the time of 
carrying out pressing by 500 kgf/cm2. 

[Drawing 6] It is the graph which shows the void content property over compacting pressure. 
[Drawing 7] It is the graph which shows the degree of concentration and the grain ratio of an 
abrasive grain. 

[Drawing 8] It is the graph which shows the degree of coupling (hardness) of a grinding stone. 
[Drawing 9] It is the graph which shows machined surface granularity and a grinding ratio. 
[Drawing 10] The degree of coupling of a grinding stone is the graph which shows the effect 
affect a mirror grinding property. 
[Description of Notations] 
10 Shaping Equipment 
1 2 Body Container 
14 Bottom Plate 
18 Movable Head 

21 Metal Mold 

22 Dice 

24 Through Tube 
26 Spring 
28 Bottom Punch 
30 Upper Punch 
32 Cavity 

36 Pressurization Equipment 

38 Press Rod 

40 Press Plate 

42 Pressurization — Spring 

46 Plastic Solid 



[Translation done.] 
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